), impeding the independent movement of uterine and vulfrom the L2 molt until the early L4 larval stage (Pettitt et al., 1996) . AC behavior over time was classified with val cells. At the mid-to-late L3 when the P6.p granddaughters form (P6.p four-cell stage), the AC attached respect to the number of divisions that the 1Њ-fated VPC, P6.p, had undergone. At the early-to-mid L3, the AC to the central P6.pap and P6.ppa cells, correlating with a well-defined break in the putative basement membrane was positioned dorsal to (over) the P6.p cell (P6.p onecell stage), and there was no apparent contact between (21/21 animals; Figures 1E and 1F) . Furthermore, the AC extended a narrow process between these cells, which the two cells (20/20 animals; Figures 1A and 1B) Figure 1I ). At the early L4 when the P6.pap and P6.ppa cells divide (P6.p eight cell stage), the AC completed invasion through the vulval cells to the apex of the invaginating vulva in most animals (15/21 animals; Figure 1J ). Shortly after this time, the AC fuses with daughters of the neighboring uterine cells to form the multinucleate utse cell, which participates in establishing the mature uterine-vulval connection .
A basement membrane covers the gonad and ventral epidermis (White et al., 1976; Kramer, 1994). To determine if changes occur in basement membrane distribution at the site of AC contact with the P6.p descendants, the localization of laminin and type IV collagen was analyzed in fixed worms using specific antibodies, and GFP fluorescence was examined in animals expressing GFP translational fusion genes to SPARC (syEx564; Fitzgerald and Schwarzbauer, 1998) and hemicentin ( under ACs that failed to invade (Ն20 animals for each protein; Figures 3C and 3D) . AC invasion was also followed later in development less robust, vulval-independent mechanism that drives in vulvaless animals. ACs that invaded at the mid-to-AC invasion ( Figures 3G and 3H ). late L3 stage in most cases maintained invasion through the early L4 (9/11 animals). Also, there was no significant
The 1؇ but Not the 2؇ Vulval Lineage increase in the percentage of ACs that had invaded from Promotes AC Invasion the late L3 to the early L4 stages (20% and 23% invasion, To determine which induced vulval cells are required respectively; 30 animals examined for each stage; p ϭ for stimulating AC invasion, we first examined whether 1, Fisher's exact test), suggesting that invasion is not isolated 1Њ lineages were capable of promoting invasion. simply delayed. Consistent with a loss of invasive ability, All VPCs except for P6.p were ablated at the L1 molt in most ACs that failed to invade either detached or were animals carrying an egl-17::GFP transgene (ayIs4). egldetaching from the gonadal basement membrane (15/ 17 encodes a fibroblast growth factor with no apparent 23 animals; Figures 3E and 3F AC invasion in wild-type animals, no AC response to the membranes prior to reaching these cells (45%, 5/11 animals; 83%, 15/18 animals; and 75%, 3/4 animals, isolated P8.p cell was observed prior to P8.p division (13/13 animals; Figure 5A ). At the P8.p two-, four-, and respectively; Figure 5B ). Similar to normal invasion, hemicentin::GFP localization in animals with isolated six-to eight-cell stages, however, the majority of ACs directed cellular extensions from as far as 25 m away P8.p descendants indicated that the basement membrane was only lost directly bordering AC processes toward egl-17::CFP-expressing P8.p progeny (79%, 11/ 14 animals; 95%, 18/19 animals; and 100%, 4/4 animals, that crossed into the ventral epidermis (19/19 animals). Thus, a diffusible signal(s) generated by the 1Њ vulval respectively), which were never observed extending similar processes to the AC. Furthermore, AC extensions cells both stimulates AC invasive behavior and directs invasion toward these cells. No invasive AC processes directed toward 1Њ-fated P8.p descendants often crossed the gonadal and ventral epidermal basement were directed toward P8.p descendants that failed to ., 1990) . The AC-to-VPC distance is at a fixed and properly aligned, the AC directed invasion toward the center of the P6.p cell ( Figure 5E ). We infer that generagreater average distance in dig-1 mutants than in isolated P8.p cells that fail to move toward the AC (Table  tion of the invasion cue is not linked to cell division, but rather to the time after 1Њ fate specification and that 1). ACs sent cellular processes only toward induced 1Њ-fated VPC descendants ( Figure 5D ; Figure 5C ). Notably, while ing the L2 molt, approximately 7 hr prior to AC invasion at the mid-to-late L3 (Kimble, 1981). To determine when AC cell bodies were often displaced in the direction of the basolateral-derived process directed toward the AC first becomes capable of responding to the invasion cue, we examined invasion in lin-28(n719) animals, 1Њ-fated P8.p descendants, the apical end of the AC was not shifted and appeared attached to neighboring in which AC and gonad development are normal, but the VPCs are induced precociously at the L2 rather than uterine cells (for example, see Figure 5B ). Taken Our studies implicate multiple regulatory steps in controlling AC invasion. These include (1) 
